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lilo(;IIAl)llll Ix

\!’iI/\ /i(’t [i,~et ItYeived 1’1].1 ). i]] Niathclltn(ics tro]]l
IIlc (Jllivrlsi[y  01” (’;tlifotlli:l, IIcrkclcy,  ill 19-/(,,

. . .
~1)~~1:111~111~  l!] l):llti:ll l)iff’~l~l~li:ll l~qLl~lli(Jlls. l;{)lk~wiw
Ilis l’1l.l )., IIcct)lllillwd  [cwdlutl  in IIlaxirllul]l I)[incil)les
1’01  sys[cllls  c)l'J):llLi211(  liflctcllti;  ilc(ill:tti()r) s\t,i]ilclr ~tcllirlg
:11 ‘1’rxtI\  A&h4  LJlli\,el\i[y. in 1981, be lvcnt to wwk I’(u
(’llcvl(~tl oil licld J<escwch.  At (’lmvt~)n,  he w)lked  on
tlulllclic:ll ltIodcls  oloil  fields at]d oljtilnizalion of ttmsc
lllo LIL’l\  fol Su[)cl [’(ml  plllcls.  111 1985,  11(’ beg:lll W(llk  al
.JI’1,  :ti ii h4t.tllbcl of” tlIc ‘1’cclltlic:ll Staff’ in tlw IL(r[}]
oll]iter  Sysl L’IIIs (itoup, h i s  wotk at ~1’1.  lI:IS lwcn
Iocuscd  01) tl)c use of” (il’S fol biptl l~lccision oll)it
dctcllllitl;l[iotl (il’S sludics Ildvc illcludcd: hi~h })lwision
:I(>()[[c[ic  t); lSC]itl  C (iCtC1ll)iI)~ltiofl,  s[)ftw[!]e  d(’vt?]ol)][)~l)t

:1 [1(1 atl;llysis  fot tbc ‘I’(l[)cx/}’osci (lotl-(i}’S”  olbit
ilclcllltil]tl[i[)tl  rx})cli[llent,  dnd Iillcl  sof’lwtitc  :itld
dlg~llitllltl dcvcloptllctlt 1’01  yravi(y firld (Iclcrll)ill:ltiotl.

}’()(1< 1{(11-,v[,l’cl r e c e i v e d  Ilis 1’11,1). itl Apl)lied
hl:ltllctll:itics fI{)I]I  ttm ‘1’echnion  -  ]stael  ]tlstitutc  of
lL’clltIolt)py, it) 1987, slwcializitl~ ill (icol~tlysical  l:luid
I)ytl:ll[lics. I:lt)tll 19X7  to 1989 Ilc Ivas a  ])ost-doclt)tal
f’cllt~w at ttw l)cl~a~[tllcnt  of’ Ap])licd N4;lthclllatics at
(’altcct).  i n  ION!)  bc jt)incd ttw ]iat[l] olt]ilt’1  Sys(clI)s
(itf,LI])ii[J1’1 :l\:ih4ctl11,cl of ’tt]c’I’ccllrli ctll St:if’[’,]ll ]993
Ilc lLccivc(i a h4. S. I,li. dcgIcc 110111 ttle [Jnivclsi(y o f ’
S{)lllticlll (’;ilif(lttli:l, s]lccil:tizi]lg,  ill Siytlnl l’locessill~,,
Ilistllai[l  illtcl~sts; ilt`itlt ll{)clclillg(  )fsl]:icecl:  if`t[lytl:llllics
;II]LI  ill pc~)])llysic:ll :I]ll)liclltiorls  of I)lccisc orbit
(lc’tcllltitl:ltic~ll,

I{t//ce ll(~inc.~ lcccivcd h i s  l’b.1),  i n  Aclosp;lcc
ltlgiriccling  Scicnccsf’lol[l  IIIC LJllivcl sity[)f’  (’olc)l; l(ic) it]
1991,  ;If’tc[  ~vbich h e  joined tbc }iarttl or bitet Syslc[IIs
(i]oup at JI’1., }Ic is a tllcnlbc[ of” the ‘l’(JfICX/l)OSCi(l(JII
Joi[lt Velif’ic;ition and l’reci~i(ln ()[bit l)ctellnination
‘I”ciltlls,  and s])cciali?es itl ptecisc  mbit :IIILI ~,codctic
analyses usillp  (il)S and in occanoglal)tlic  :i[)[)licd(iolti  of
saleltitc ;iltillwl[y.

f<odtigo  ll)flncz - Mcict tcccivcd  Ilis 1’11,1).  i n  tligtl-
ctlc[gy I)llysics  flolll  Kicc LJtliv.  in 199?, :IIK1 joitld JI’1.’s
‘1’l;ickinr and AI)lJlicatiotls  Scctio[l tllc sarrw ye;ir. }Ic is
nov., wolkin~ in 1’01) and several ap{)lic:tliotls (JI’
(;l’S/ll.  () Systcllis, irlcludinp, lia[~tl olicnldtion,  clustal
t]lolion,  ;illltoslltmlic  a]ld i(lrlosl]llc[ic Ot)sclvatiol]s,

A’())1 Afi{(,//(t,rc/lo(,t/  lccei~,d  a 1). S. deplc,e in phjsics
:1[ I{CIISSCI:ICI I’olytcctlnic Insti lute arid a h4..S.  (ieptcc in
di)~]lid  rli:ltb ill Itlc (Jrlivc[sity of’ .Souttler[l (’alif’orl lid. IIc
is cullcntiy d tllcrlltwrol’tiw  tcctlrlical st:ifl’w’itil Ii)c l.a![h
oli)itcl  Syslctlls:lt til~-Jet l’r<)i]lllsic)rl  i,:li~(~l;ltory.

}/. J. /{it// rcccivc{i Ilis 1’1],1). I’lotrl  ‘1’iIc  (Jtli\crsity  of
‘i’ L’x; ls ;II Austin  itl 1992 .lle is a l<csc:(lcil
lflgiricc[/Scic[ltist:lt  ttk’(’enter for S]mcc Rescarcll,  wili]
[Ilillldry rcscarctl intctcsti  in (ii’S.

h’(d).$[}tr~f:  rcccivc(ial)il,l),  irl i969. CLIt IL’ IIliy,  iIc  is
[’rotcsior of Aerwsi]wr I{rlSirlccrirlg, atl(i llrl~incctirly,
hlt>~h:tlli,i  al tile i- Jtlivctsity c)l’1’cx:\\-ALlsti!l,  a[i(i Iloi(l<
[hc (iulf’  o i l  f;ounciation  (’enter}  tlial l;eliowsilil)  i n
lrlglricctitl~. Iic is[llso AsscJci:tte i)ilrc[ol  of’ttlc(’cll[cr
f~~r Space Rcscarcb  arl(i a tller[ll,et  of tile Ap~llieci
kc~c[tlctl  i,dboraltlry staff,  t~olt]c )fll,tlicil: lrcc(~llli~{)rlcr~ts
of’tbc [Inivcrsity  (~1’1’cxtis-ALl\till,
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.$ic)t }i’u rcceivcd  h i s  l\. S.1~.11. dcp,lcc fl(jlll the
N:ltit)n;ll ‘1’iliwatl Llnivelsi(y, ‘1’aipcl,‘I’diw:  in; :iIId 1’11,1).
dcy Ice lI{JtlI ttlc LJnivcrsity  01 Waterloo, Ollt:tt i{), (’anado.
Ilc joined Ihc Jet l’to~)ulsion  1 ;ltx)l:ltoly ill 1975 and is
cuIIc IIlly d ‘1’echllical  (ilou~)  l.e:Idc  I i n  Itlc ‘1’r:wkillp
Sys[cllls :11)(I Al)])licatiolls Scctiotl. }lc }I:is I,ccn inkrol~rcd
with tllc dc\’cl(JIJllIcnl  of” J’;llious  llackillg  syslclils for
dcL’lJ-slJacc  a~ well  as nc:lr-e:(rlh  spwe  vcllicles,  [III(I  ttmir
:Il)})lic;l(iot)s  10 Inccis  ion ~,co(lcsy.  IIis cuIIcnt illlclcsl  is itl

(IIC I)lecision  :I])plic:itions  01 tlw NA\~S’I’AR  (ilobal
I’osilio  Ilil]g”  SyslC’ 11).

7“[~1~1 Yutlck ]eccivcd  h i s  11. S.}i.1~. ltoln l’[inccton
Lltlive]sity, iIIId his l’h. ]). in Syslems & lnforlll:i lion
Scicllcc flt~ln Yale LJnivelsily. llc i s  curlclllly  l)cl)uty
hl:(n:l~cl of tllc ‘1’lacking SysIe  IIIs atlcl Apl)lic:ltions
Section at JI’I ,, whet-c hc is involved in the application of
(il’S 10 ])tc’cisc olllit  (Ictcl  [nir);ltion atI(l  geodesy.

AIIS’I’RA(H’

“1’IIc  ‘l’OJ~cx/l)”scicl[Jr)” occ:ltlogr:tl)lliu  salc]lite  w’:Is
lauIIclItxl ill ALIg, USI  1992 c:lrlying a higl] 1) CI1OIIII:II)CC
(.i}’S  rt.ccivct-, ‘]’hc pullwsc 01 the mccivcv is lo evaluate
(;1’S 1’(M pt ccise or l~il (ictct IIlin:ltion of’ low 01 hilinp, liartll
s:llcllitrs.  llsing, (i I’S, wc h:lve ol)tained  nn estitl]atcd
I dial (M t)it accu  Iacy of 3 CIII Rhfl S for l’(}])cx/l’osci(lc)[l,
:Ind eslitllnlcd  cI(Iss track  :Ind nlonp, tl:~ck  ncculacics  of
I)cttcl tllilll  1(1 Clll,

‘I’(I  obtain this accutocy, we h:lvc used spccinlized
llllc[it]~ slt:ite~ic’s  tl]ol take advnnldpe  of ttm F,loh:l} 3-
ditncnsiott[ll covc]dpt” plovidc(i by ihc [il’S conslcll:itiotl.
“1’tw  Jml[icul;il  f’:~lllily of i’iltcring stl:llcgics used Ilzt\ cx)lnc
10 I)c kIIown  ;Is Icduced  (Iytltimic  Ildckinp,.  ] n  t h i s
tecllniqllc  :1 sIIIall  :I(ljustlnct)t  t o  a n  alt)itraty  3-

dilllel)siollill  accclcr:~lion  i s  nl:idc  at C:lcll  Il)easlllclllcllt
lilllc to collect fo[ Il)islllodclcd  dynal!lics using tile
stten~(ll  01 ttle (i}’S Incasulelllent  syst CI1l. S i n c e  each
;I(ljustll]cnt  is essentially ]ocal, tt)c in foil]) alien nccdcd to
coIIIIIulc  tllc a(ljtIsl II)cnt must col IIe I)rilllarily ftc)]l) t h e
insl;lllldntx)us  mca\ulctIIcnl  geon)ct(y  ]athct thdn slttellile
dyn;ill)ics.

(ht)il  accu Iacy h a s  b e e n  ev:lluated  throuph sllch
Iect)niques  a s  Imsttit  rl]ensulell]ent [esiduals,  orbit
dit’f’clcnccs  I]ct}veerl ovcll:ipl)inp [Inta a[cs, (~]l>it
tliti’clcnces  with traditional dynamic or-bit solutiol)s
dctive(l  l’totn dilfercnt  nlcnsurelncnt  systcnts  ( l a s e r
r:ing in?, :Irld lK)I<l.S do})} )lcr) a n d  diffclctlt  nrtalysis
software,  atd :Iltitlleler  crossover  statistics.

lNrl’ltol)lJ{:”l’lON”

‘t”OI’IX/l’osci( lorl, a LJS/I:r CnClI  oct’:lllopl:ll]tlic” Illissi{)[]
lau IIchcd irl AUp  LISI 199?,  c;lllics  two inde[lcndctlt
tlwkillg  systc IIIs to jnovidc ttlc (Il]cl[itior]:l] [Jrcciw  I)Ibi[
[Iclcrlllill:(tion  rlccded to IIlcct ttlc tllission s c i e n t i f i c
]equilcrlictlls,  ‘1’hcsc i n c l u d e  it lrcncll-built otIc-w:Iy

Ik)pplct  sysleIII  known :Is I)ORIS (IX)J)IJlcI  (Jrt)itof’;l]d]y
:IIId Rdio }~{witi[)llitlg  Inlcg,  [;ttcd ty Sdlellitc) dIId  otl S1 ,1<
(sfllcllitc l:Iscr rang,inp) tcllcctol aI [dry ttlan calll,c used t)y
p,round-hascd  SIR systt’l[ls. III :itld  ition to tt]csu
(y~cr:iti(llial tlackin~ systcllls, ‘1’of’l\Wl’osei(l(~rl”  CdII ies a
six-c t)anncl (il’S receivd]  c:tl)at)lc  of” rll;lking dual-
ltequcncy  I’-codc pseudorangc  and continuous cartiel
1)}121w-  rllcastlrr]iwnts- tllc fiisl of its kitd  [0 t~c plticcd in
liar 1}] oll)it. I’tlc G1’S  rcccivct wa~ [)l~lced olltx)zit  d ds ti
flig, tlt cx]mti]llcnt  to dclnonstr:ltc  ttic I)olenlial of
dit’fcrcntial (il’S tmking  for v e r y  tiigt) [~rccisi(ln  l)lt)it
CIcterlllirl:ltiotl. (il)S is the ol)ly trackinr systcln c:lp:it]lc of
[)loviding  colilitluous 3-dill lctlsiotlal ttdckitlp.  01 1211(II
slltclli[es.

ONSEFIVED

)“PATH . “
RESIDUAL .

l~ig. 1 Rcclucd I)ynnrnic ‘1’r-acking

“1’hc Cil’S cxpcrilllent  on l’ol’};X/l)”sei(lorl (Rri’  I )
[)rcsents  the f i rs t  oI)portutiity to a])[)ly the teduccd
dyn:llllic tcc}lrliquc fw p]ccisc mbit detetlniliatiorl  01 e:tt[tl
satellites (Ref. 2,3). “1’hc tecl]nique cxJlloits the ~lcat
(~bscrvin~  sttcn:lh o f  (il’S to tIIake l(IC:II  pcor[]ettic
c(mcctions to the s;itellite orbit oht:iincd in a conventional
dyna[ltic solution. ‘1’his reduces orbit etlors  arisinp f[tllli
[he lllisn]odclirl~,  of forces  actinp, 011 the satellite, wtlile
inure:isinr sol]lewhtil ttw etl’eels ol ]Ilc:lsulerllellt clILJ1.
I he  plinciple  is illus[[atcd in lip,. 1. ‘1’hc solici Iitlc
rcprcsent~ a dynnlllic mbit solution in which ttw solutiorr
Ir;ijectory is described by a sel of })tlysical :Ind Ctllljllictil
force nloclels, wtlictl m a y  Ilave hcen adjusttd  irl the
solulion.  q’tlc d:ished line rep] esctlts the ot)set vc(i (It bit
Ct!lbodied ill tlw G1’S data, I’lw dylla]llic olbil so lu t i on
yields a set of postfit  d:ita rcsidudls  r e f l ec t ing  ttlc



. -i

‘1’l)is  Cot)cc’l]t  01’1’(’1s  a Cc)ntitlltutll 01” IJ{)ssit)lc  solution
stlatcyics.  At (Jr~c cxttelne wc c:in give no weipllt (() t he
,l’,olllt.llic  collcctiolls” :111(I  1~.[;[it~  ttle dytmtilic s[)lutio]l. Atc
tllc otllcl cxlt L’ti]c wc can fully apj)ly  t h e  gcoulctric
Collc.uliolls”  10 ot)t;iill :In csscnlially kitlcllmlic solution, in
that colic the utldctlyill~, dynalllic solulion selves :is a
]I(]itlt of dc]):ll Iurc I>(II  has l i t t le  influence (III  ttlc

ycotllctlic:llly detcllllincd  otbit, and ttw clfccts  01 force
][l~dcl ctlols  dic gfcatly tcduccd,  In Mw’ccn we can give
;ill>ilr:lly  relative wci:~,t)t to dynamic :Ind ~,colllctlic
itll”ol[llutiotl” by

col(stl:(inirl~j ttlc

ilCCllldC’y  tllld  })1 C’L’i\ioll, l(ihl t]:l\  Ch[lL$l[i\L}  ill  tilt’  1)()]  <[s

Syslclll  :1s W’cll  U\ (;1’s. 1(; N and Jl)l. WOIk C{i clt)scly

top~’lllct  [() :I(I;IIII JI’L’s (il)S sof[~v:ilc to procc,~s ])()}<1S
d:lltt :l\ u’c”li. Itl :I(ldition to t}lc cf’1’~)l[s  of OUI  Icolli, tllclc
\v:l\ a l:llf!c Colll])lcllll’l  lt:lly  Cf’1(111  t)y pl(lll})s at (;()(1({:1111
Sl]:lccllipllt(’ctitct  :ttl(l(’N}  LS(C’ctltlc hT:iti{ltt:ll (l’ Ill\l(lcs
S]mlidlc,  irl ‘I’(JtlloLl\c)l o(l(.tcllllirlc” Illco[)cl;ltiorl:ll”  (u[)its
wittt S1 .R :ild lX)RIS,

I) A’1’A

Siglldls f’rf)lll  up tf~ six (iJ’S ~atcllilcs can be Iwcivd
sitlllllt:ll~collsly hy the ( i i) . $  i)c]ll(~r~~t[:itiorl  I<cccivet
([ii’S1)l<) orl”l’(JI’l. X/l’~)scicif~rl.l: ”t” cl:(tt\ tt(kcll tlcf’(~rc J[ill.
’93, al Icast 5[; l’Ss:(lcllitcs:\  rt. (J[>sel\e~l  X(K4  of’thctillle
;ind al Ica\l 4 tilt’ obsct vcd 96% of the time, Wilt] llto[c
[il’S satellites I)ow in (Ill,it,  ttwsc slnti~tics :Itc cur[rntty
solllewtmt  hig, t]cr. Note th:it wi[l14 [iI’S hcing obscr~rcd,  if’
no {)thcl ]mtalllelcrs  welt dju~tcd one  could  detcilllit]c
tlw wtcllilc  Ix)sition  and clock of’f’st’t  al c:wtl Illcasurclllenl
Iitllc. of coulsc t h i s  is not IIIC o}lli(lt:ll st[ittc:y,  but il

~~ilc.s ;III idea ()!’ thec
tmiic [)owcl ot’(il’S

$]L’(ltllclliu  c(~rl(’ctiot) C(lllltl:lled  to both

tlw dytlotllic  s(lluli~)ll
:111(1  tllc l)tcvi(,us
u(~llcuti(~ll, l]dltially
lc’dllcinS dyll:llllic
1110( ICI t’l loI. A II
‘.ol)lit]l:tl’” wci~,lltinp,
will (C II(I to lI:Ilancc

(Iytl:tlllic,  ptx)tllc([ic,
iind Illt’iisll  ll’lllcllt I u“ .“
L’ll(lls.

l“

*; .,*< >...>., ; , f.. -., .,* . ..,,. ?
-90 .$. ’)’:

‘1’llc  SLIC’C’CSS  of -180 9 0 0
ltlis ck[)clitllclll  wd~

@ Nonliml Iopexif’cmickm 1 rachu)g Sks
Illildc’ l~(~ssil)lc
[Ill ou:h Iflc

h’ig. 2 (;l>S Ground ‘1’rackin~ Ndwork
itltc[;icti{~ll  of’s  l:llpc
tc:lltlwtlictl ittcludcd
yIou I)s :It II]c Jet l’lopulsiot]  l,:[tmr:ltmy (J]’]. ) :111(I  tt]c
(’L>IIICI f’()] S~)ncc l{csctirc’h  ((:S1{) o f ’  t h e  LJnivcIsity  of
‘l’L}X;IS  :1( Ausli]l, and a scientist  visititl~ JI’1. 1’[0111 tl]c
IIls(i[u[ (ic[)y,l:lpliique N~itional  (lCiN, ]’mnce). “I’tm  Jl’1,
tt’;llll I’[wuwd  (m lcfinins  t}w [educed  dynarl}ic solution
sttdtcp,y, \Yllilc  (’S1<, lvllic’h has a long history 0! plccisc
dylldll]ic ttackinp, with si~li’llitc lase’1 ltlnginp, ndaplcd
tllcit soflw:itc  t’ot dynotnic  OIbil CIclcllllitl;itic)rl (Ref. 4 )
iIt Id tunit)p ttw  I,altll’s gtiivity with ‘l’C)l’l:,X/l’c~sciclcll~  Cil’.S
d:ita. ‘1’tlc JI’l, :Ind CSf{ at}tilysis systcllls  wclc cicvclopcd
i[dclwndctltly (}{cl. 5,6), ttlollgtl  tllcy  Sll:lle ;i lllllllt)Cl  of

c(Ilnl  IIoll  lII(Idcls.  (’otlll)wisons”  bctwcct)  Ort)its  jII(Id L]ccd
\vitll  roctl systcl])  SCIVC a$ :111  ittl~)orlant t e s t  of’ OIt)it

SIN’  and i)o}<ls
which do not Ilavc
colltil~u(ms c<lveii{pc
or observatiorlk in
rlli~fly direct iotls at
()]Ic titllc,

]n a(l(litio]l l(}thc
flipllt rccci~cl,  ttw’tc

i s a glot):il
tlclwork(}; ig,. 2) of’
Rogllc a II (1
‘1’lllll(m)guc

Icccive]s [)11  the
g, IOund ttlat  cstat~listl
ttlc Iltccisc rci’elrncc
fr:ltllc and that serve
to It’ducc a nllllltlcl

(If’ i[tl}x)rl:tilt cl-[ols. ll:wtlp,loutd  Ieccivcr (l<cf. 7,8) earl
tldck uptt)8(il’S  s:ltcllites sillllllt{lr]colis ly. I;ordala  taken
t~cl’olcJ:ltl.  ‘93, e;icl\glt~Llr~[i  1ccci\’cl ty[)ic<liiyot)ser\c(i5
or [Ilore (iI’S snteilites 9 0 %  01 the tirl}c an(i () or tIIolc
‘/?{l  of ti]c tirnc. IX]a]  flcquetlcy  cdrlicr phaw rlwasule-
Illc[l(s () II .,. 0 1’ 1: xl

I’owi(lon”  arc rcco](ic(i  every’ swon(i,  w,ililc  l)sculio[;trl~,c
lllc2surcilicttts  ale sliloo[i]ed [it)d tccor~icd evcty 10
St’U(lll(lS.  ~’[llliCl  i)htiW :il)(i  ~)sCl)(i[)12\llF,  C(i[lt?l:ll  C COliC(:(C(i

sitlitlit;ltlcotlsiy tly t h e  gtoulld rcceivcls  at 30 sccon(i
itltc.i vdi~.



l) A’I’A  ]’J{{)(’]tSSIN(; SolU’\$’Al{It  AN1) hlOl)ltl,S

1 }ata  })loccssin~  at J]’], lot I)ottl  dynalliic  and IC(IUW(I

(Iynitnlic  solutiot)s”  tva~ })clfonned  \vitll  the (ill’SY-OASIS
II allaiysis  soi’lwalc  (}{cfs. 5,6) .  ‘1’hc  Illain cOIllponcnls  o f

lIIC al)alysis  sotlwale  ale  a  [il)S  d a t a  c(lilot,  olhit
illlcgt  alot, Illcaslllcll)t’111 IIl[)del  ~,cllel  alor, and

l’illc’t/sll)()  ()tlicl.  ‘1’lIc  d a t a  c(litot  (y)cldlcs  011  a cOlllt)inc(l
Scl o f  d u a l  llcqllcncy [;1’s phase and pseudo] ang, e
Illc;lsulclrlcll[s  and detects  outlicts  and calticr  l~lIase
tliscc)lltillllitics(l<cf, 1 l), A highly autolnatecl  cxpcr[
systctll [il.i all Itlc lII()(lalcs  Iog,ctt)el ptiducin,g daily otbit
solalions” unatlcndccl  (}<cf.  1 2). ‘1’tlis syslctll can }nulucc a
Ic’duccd dyntllllic solution for ‘1’ol’liX/}’osci(loll wittlin two
days of oll-hoald dala acquisition will) Icss ttmn 6 hours
C] ’(I lilll~ on a dcsktoJJ wot kstation.

“1’tlc (Jll~it inleglalm Iwr-forll]s a nalllcrical intcglation
01” ttw satellite olbil using a notllitlal itlili:il slalc and a set
(J1’  Iliyh accatacy  tllodcis of t h e  folccs  actinp, 011  tttc
salcllile. It a l s o  cotnl)utcs  patlial  dctilatives of the
calictlt slate of the spacccl  aft w i t h  resj)cct 10 t h e
dynatllical  a n d  c]mch slalc ]~araulctcl-s.  I’hc initial
trtljcclol y and pat tial dct ivalivcs  arc v+t ittcn to a lilt to bc
lead by ttll’  lllca\ll  Iclllcnl  IImlcl  i)lop,larll,

‘1’tlc  I’otcc tllcdcls  fo] ‘1”01’l{X/I’oseicl(~[l”  itlcludc ttlc
.l(ih4-2 :1 avity II)odcl ctcvelopcd a( (he (ioddard  S p a c e
}:lip, ht [’ctltct a n d  the Univclsity  of  ‘1’exfis  at Austin
sl)ccifically  ibt “1’C)l’I{W}’c)sci(loll  (Ref. I 3), atld llwdels of
;Itlll(lsldwric  dla~,, Ilatth al bdo, solai radiation [) ICSSUIC,
ald tllcllllal Iadiation ct]littcd hy the satellite (l<cf. 14). In
additi(lll  to these forces, thctc is an clnpi tical accelct alien
JHllalllt’tcl , i; , of the k)l Ill

?
i = (:+ >A, COSfL), f + i, SiIl@,  f [ 1 ]

1.1

V! ’])(’IC 6, i,, :,1,(I ~~, arc constfint vcctols  i n  IIW
cooldillalc” syslct]] olicntc(i i n  t he  nolninrri  slmccctaft

:Ilollf!  Il:tck :111(1  CI()\S ltack  [lit~~ctiolls. Tilt’ ftt’(lurljcic~
(0, ;~Ic. OIICC :IIId twice ~Ict [c\,ol[l[ioI)”  01” ‘I’ol’IX  /t’OSCiLl(lll”
a n d  t is (i]l)c  I)ast at I CI)OC}I,  l’:ltl  ia] (il’li~’ativcs.f)j’  the
c.ut[cnt  stale with tcsl  Icc[ to tllc cocfl’rcictlts ~:, A,, ~111({

);, alc  coll)pulcd.  la a(kiition,  })ar(ial  dctivatilcs  oi” th~

(;1’S s a t e l l i t e  curlctlt  sta(cs  witl) Icsl)cct  10 tl)ci[  clx)clI
slates a n d  tllc R(Ick  4 sola I plcssutc  II Iodcl (Rcfs. 1$), I(I)

ale  Collll)lltc(l,

Afict cditilly,, the data aIc colllprcsscd to S-lllill nOIIIIal

])oi[)ts  a n d  tllc d u a l  flcqucncy ionos~)hctc lICC
collltrin;itions of ptlasc and pscudoratlgc ale f’ot ll)cd, la
llIe cot)ll)lcssion”  stcl)  tlw l)scucloIa  IIpc (l:ita  aIc  sllloolhcd”

a~, ainst  the cart ic[  ()}’cr the entire S-rein illtcrval, w’hilr the
i,tla<c is silllply Salllplcd at IIIC ;il,l,lt)},l intc lilllcs, “1’llc
nolninat  tt ajccto~ y is then ascd [0 cotn])ute nlodcl (il)S
obsct vat)lcs  and pal linl dcl il’ativcs of [Ilosc fhset  vdhles
with rcsl)cct to the a[ljusted paraltlctels.  ‘J’hc ohsct vat)!c
II IOLICI  plLIgIallI tcads s[mcccr;~ft positions  and l)al[ials
wi th  lcsl~cct to dynartlical find cpoc}) state palalllctcls
i’roln the file u’[ittcn by the intcplatot  In addilion (0
partials  of the ohservablcs  with res~wct to dytlarllic:il
Imlalllctcts,  I]altial derivatives of tt)c (~t~sctvat>lcs arc
coIII[)ulcd  w’it}[  ICS1)CC1  to gIoun({  stiition position, mnith
tlolmsillmrc  delay, earth orientation, tllc g,eoccntet, (il’S
c l o c k s ,  a n d  reccivcr  c locks .  “1’hc  rrtodcl incllldcs
r~’lalivistic effects, s(llid-e;irth  tides, pole tides, ])tla~c
V., ildup  duc 10 antcn]la  rotation (l{cf. 2?) ,  atld arlt(>ltt~a
I)l]aw-ccntcr  ~’ariati(ln as a lunction  of azilllutti a n d
e]cvation,

l;ollowin~ ttlc rllmlclinp step, the flllcr/srllc)c)t}lf?t  is
ekccutcd to cstitllatc a lar~,e set of Imralllctcr-s (spccificd
by ttlc user), a(lju~till~ tt)cttl to tllinirlli7e  tile I]lcall sqLIafd
diffcrcncc  bclw’ccn  t h e  (iI’S ol)scrviilior)s arid ttlc
cc~rllputcd rnodcl. la its sirllp]cst  forll] ttm filter/silmotl)cr
would []roducc  a convocational Icast squares solutiotl: hat
to ot)tain a rl)ore accurate ort)it  sor[lc pararllctcls  arc
treated as s t o c h a s t i c  pro(csscs  usins  a Squar-e  1{00[
lnloll]lation  I’iltcl (S1<11’) forlllal:ition (Ref. l-/). ‘1’tlc
pal;lrllclcts acljusted itl our s[arldard  solution st[atc:y  are
sull]lllalizcd in ‘1’ahlc 1.



‘1’Alll ,1; 1. ltS’I’lhl A’l’JON  S(:ltNARIO  IX)]{ I) YNANIIC K’11 .’l’ltltl N(;

OF ‘1’ol’l:X/l’OSII:ll)ON  01<1{1’1’, (; II’SY-OASIS  11
I )ata Ty’c I ):l(a WcJht-. ..-— . . . . “_.

CiI(mn(l  [’at[icl I’t)aw 1 Clll
cilolllld  1’s(’11(1(11  angt’ 1 Ill

‘I’/f ’ (’allicl J’tlaw ? ~1,,
‘1’/1’  I’scudol  ;IUC 3 Ill.-—— . . . . .—.. — -—-—.—.——

(all par’atllclcr’s arc ttc’alcd as c(~ttstallls unless (J(lwtivist’ s[wcii’ied)
Iistilll:ild  l’aIaIIIctcIs }’:tl:ltll~’tcriztili{lll constt ainl_ .—. —_ .——. ..—

“1’/1’ }; J1OL’11  stale
. . . . . .

3-1) c[mch positiotl I kill
3-1) ci)wt] vcloc. i[y loclll/s

‘1’/1’ Iirlipil-ical lolccs constant I 111111/s?
(CIOM  (lack  &! akmp,  hack) 1- A! ?-cycle-l)cl-lt’v 1 II IIIJS2

‘1’/1’  Antenna l’hasc (’etltcr  Offset tadinl s Ill
(iI’s Sliilcs 3-])  ej)octl lmition I kill

3-1) cjmch  velocity I Clllls
(il’S Solar Radiation }’lcssurc (“otl.\t(ltlt.”

Solal  [Ilt’ssllrt’  scale f:ictol 1 (K) %
Y-bii+$ 2x10” 3 prlds2

[)t(]<c.v.v-tfoi,vc: “IL,=  I his; ‘r= 4tlls
X :lrl[lYsc:ilit]gffictor 10 %

Y-bias
10 ~[lmk?

Notlliducial Stti[iotll, oc;iti{)])” ll(’liI: t-CClZiIIgl]l:tI coordinates 1 kill
‘1’lo}xwl)twl  ic delay IandoIII-walk zeni[tl delay 50 C[ll;  o. I “/ Intdslij

}’olc }’osi  (ion X and Y pole 5 Ill
I’ole l’osition Rate X and Y ]K)le r;ilc 1 Illklay
L1’1’l  L1’1’c:Rak’ COllstallt 1 ()() dday

(’atlict I’hawlliaws wtlstant  owl  acotltinu(ms pass 3X105 kll)

III tllcsc soluliolis, all clcwks ill Il)c systcll~ ate ndeled
as wtlitc IIoisc [ItL)ccsscs wittl no apriori constrail)t, except
f(ll ot]c which is twld fixed as a tt’felt’nce clock (tlydlo~cll
lII:\<cI  at l;aill)allks). ‘1’IIC 7cnitl) tIopospl)cic delay at cacll

~,tound  station  is lIIt)dclcd  a~ a rank]])  w a l k  wtlictl  in I
Il(mt adds I clll Llrlce[ t:lillty itlttle 7crliltl Clel:ly. l;()[tllc 3()-
lKwt data ales, tlw lmlalllctcrs  of the Rock 4 solal ptcssmc
lll(dcl :11’t’  ti(’alc(l :Ii l(]os~’ly-cotlstl:iitlccl” constants [)111S
u(JloItd  lII(IC<SSS  noiw w’itlt  a 4  houl collclatiotl  titilc atd
siylll:l of 10% at cacl] txltcll tillw.

I’li(ll to gcncvatinr,  the ltxluccd  dynamic  solutiotl,  Ii]c

‘I’ol’l:X/l’oscic  l(}rl”  stale. ancl the elllpirical  constant and
(It IcL’ - and t~Jicc-jJct-lcv{)lLlti(Jil  accelertitions (Ill. 1) ;ilc
fltst a(ljus(d to c(IIIvcIpeIIce  in a (Iynalltic solution, whictl

t:lkcs  two l)asscs ll)l{)u~h tt)e filtcl. ‘1’his itcratiotl otttw

dyl]att)ic solution” t)lin~~,s lt)e final adjust  [lwnt of stoctlastic

accelclali{~tls wittlin (0} vcty close to) tk lineal Iepil]le.
Ill (tic last (tducccl  dynatllic) Stei),  a final acljustltient is
IIlildc of It It’ “I’()}’t X/ I’()sei(l()n  s l a t e  a n d  all  othcl
l)lt>}’i(~tlsly a(ljllstcd l):lr:llllctcrs,excc~>t  101 the empirical
ut)cc. aIId tw, icc-])cl-tcv  [Ialttttlctcls-l  whict)  :iIe held fixed.
alId  tlw c(~llst:ltll arcclc  tations ( C, Ik]. I ). whictl a!c
tlcatccl as [)toccss-  noise Imtai]icllcrs.  ‘1’tm  Ialtct :itt’ Fivcll

a  corlelatioll  ti]]lc 01 15  ]Ilitl  wittl  St Cil(l~-St;lt  C’ si:lnils  o f
i(}l~:{l}oll\etels/sec2  intlwrn(lial  aId20n11)/S2  inthcums
and along  ttack directions foI the 3[) Imul  arcs. 11 is the
gtwlnctlic  strcnglll  of ltlc G1’S (Jtmet vations that allows
t h e s e  final stoclmstic  acljusllllctlts to bc IIladc wiitl }Iigil
acculacy.

AI.X[)I)I’1 1))’rj((t)tic  Solution +.: (!’< : f ~~’~’i:
~[ /: ’/)(1/>;/< ‘.> ’,:::,,;,,

h4S[)lJ1’1  i s  a n  indclwndcnt  orbit (lct~lfllillation
sol(wart” packay,e dt~velol)cd  by (~SI{,  with iti tmrita~e  in
ltle tli~,h I)rccision  sinxlc s a t e l l i t e  atlalysis  j)auka~c,
U’1’01’IA. h4Sol)I’1  was used to produce (il’S-based
orbits while [l’I’OI’l  A was usc(i toproducc  SIR/lX)RIS-
t):tsc~l orl Jitsl(~l’1 ’ol’}iX/I’c)sei[  l(~n.” “1’he force l[lodclin~ is
essctltially  tlw SaIIIe  as (ilt’SY-OASIS 11, but liltuin~  ad
Ll;lt:ic(litirlp,:ile  v:istly (liflctcllt (l<efs. ~1,1 X).

Irl tllc (’S1< ana]ysis, (il’S pscudoratl~c  data afc uwd to
uorlect Illc phaw titne laxs atr(l X-see d(lut)le dii”l’ctcllccd
ionon~~)here”  I[t>c phase Incasurerl}ents  a r c  forll~cd. “1’hc
1.1 and 1? pllascdata;ile irltet[)ol:lteclt o:lcc(l~lrlt” l’br tirtle
lag, olt’sets tmlwmn the ‘1’01’liX and ttw plollrlcl-st:itiorls” to
facilitate  tt]e rerlmval  O( Selective Avail:ihility in (tic



‘J’A])],IC  2. ]; S’J’]hl A’1’]ON  S[:l;NAl~]()  1~()]{  ]) YNAN1l C l~ll,’I’ltl{l  N(;

01” ‘1’{)  1’ltx/l’osltll)ON”  ORB1’1’,  Nlsol)l’1

I)ahr_T}p’-—————.-..—.—_ 1 )a(a Weip,b(

lonosl~helc-f’[cc” [JII~iw doable (Iii’lctences 2 Clll
(:111  ]ml;  illlclcls  ale’ tlcalecl  a\ L’on\(ants)

..1 lylirlla(d l’alall)e(cts-.. .— l’atallwtet iz,alioll constraint
‘1’/1’ ll)ouh  slate 3-1) Cl)ocll  ~)osilion”  - II OIIL”

“1’/}’  IItl)pit-ical forucs
(Uloss Il;ick &! along tlack)

“1’/1’  Antenn:i l’tmw (’cntm  Oi’lkt
[i}’s Stales

(il’S SolaI  Radiation l’lessalt’

Not) -}i(lacial  Sta(ion  1,oc:ltiotl”
‘1’rol)Ospht’tic  delay

1 hable  1 )il’ikt cam IIiascs-——.  . . _——

3-1 ) epoch  velocity
col)sl[inl  an)l)litu(k  atd phaw  0 1

1 -cyclc-pcI-I L’\-
r:dial

31 ) epoch p(~sili(ln
3-1 ) clinch velocity

K)lal 1)11’ SSLIIC  scale factor
Y-bias

ll(’l; l; rectangular coordinates
Ncw [’(ms[ant  CVC’ly  2,5 hls

Constant  over :I&.  ,-. —. . —.

11011(”

nollt?

Ilollc”
nollr
Ilollt”
nollc
Il(lllc
Il[lllc
Il[ll)e
n(llle

diffclencin~,  mode. only doable  (Iiiferencc(i  d a t a
I)ctcwccn  ‘1’01’l{X/l’c)sci(lot~”  and one 01 the six notllinal
gi{)und stdtiol]s  were used in 24-hour  arcs, ‘1’hc estilnation
pl(mllllc Clllpk)ys a batch Icasl sqaalcs  flltcl , aag,lllented
\villl a s(ltl:ilc-ro[)t-ftce  (iivens  solations alg,ot-lihrl]  (Ref.
19), ‘1’hc ‘1’Cll’l[X/i’oseici{)l~  radiation pressure l])odel
includes tlwlnial lorccs (Ref. 14). l’able ? salllnlar-izes
ttw adjusted p:ira)l)clets in MSOI)l’1.

S1 .1</1)01{1S  solutiol]s have been pe]forlned asinp
LJ’1’01’IA, wt)ict)  h a s  sig, tlificant  cOn)niontility  a t  Ihc
sut~touline  level  wilt) MS[)I)I’I  , especially in the folce
II)odclinf  and naillclical  techniques. lixlensive  tests
bctwc~tl (1”1’01’lA and MS()]  )1’ I have been pert’ormeci

tt)at stlow  agrccnlent  al [be n)tn-level  b e t w e e n  ttle two
[)log,lallls. Althoa:,h  MSO1)l’1  caa iXOCCSS S1 /1<  data, tl)c

Icgnla  I 1)1 Oecssing  has  been done with lJ’I’OI’l A. ‘1’hc
‘1’ol’t[X/l’[)scicloll”  cstilllated  panin)ctels  ale t h e  same a s

those pivrll  i n  ‘ 1 ’ a b l e  ?  t’01 ttlc epoch  s l a t e  an(t t h e
t)llcc/tc\~ollltiotl” elllpitical  patdlllelers, “1’hc  pi-c-flight
nolliinal \’alucs fot S1 ,R and IX3RIS  Iefetellce poittls on
‘1’/1’ I):lve beet] IIscd, adjusted only for the ch:itlgcs in
SIUICCCI  aft ccntc I of Inass,

01<111’1” Q(lA1.lTY  ASSICSSi$fltN1’

l’imt we e x a m i n e  internn] tests \\Ji([,in t[~e (;]lJSY.
OASIS 11 I~locessing  syste]n. “1’hetl w c  V,il] IIl:lke
colIl]ml  is{~ns to the solutions produced by MSO1)l’1 atld
(lrl’O1’lA,  and the o[w[ational  s(~lutions prodaced by the
(i~dtl:lt(l SIMicc  lli~,llt {’rntcr  wit})  S1 .IUIX)RIS  d:lta.

Rcdu(cd  I))twtttic  ltilct tla[ ‘1 k.jl.v

!’ost[;  l Residuals

A s  OIIC  of tllc qual i ty  ct]ecks, tltc postl”rt redltccd
dyrranlic  residuals on the iotlosphci ically calihrakd  cal I ier
pbasc and psell(k)[atlgc  lllr:i\lll t’lllellt\  ()\’cl  tilt’ full al(: ale

exal)lined,  AnoIi  Ialous  (Iata ~)oints ate  :iLltorll:i(ic:llly
de tec ted  and  IC-II)OVC4.  ]n penela], ttle phase 1~’sidllals
h:lVC  :111 RMS V:lillC of it’SS th:lll S 1)1!1);  :Ill(t the
pscLl(k)rall~c  I-~.sidLlals  have an 1(MS  value of’ less ttmn 70
UIII.  T h e s e  val Lies arc  acarly  r’qua[  to, tespcctivc!y,  tlw
pbaw data noise and the colllbincd pscudolangc  d:lta
noise and Illultipath erlor. ‘1’his  iIllplics  no sut)stafltiat
rl)isnl(delin,g  in the estin)ation  pIOccss.  “1’hc (;1’S data ale
in gcnelal of tlig,h quality; only ().()1% of data alc dctccld
as aliol Imlou\ and autollla tically rerlloved  flmll  (IIC f’illcrcci
solution,”

(h bit OveI  lap

“1’ol’l:X/I’(~seicloll”  data arc processed in 30-hr atcs
cctltcrd on noon (I~ig. 3). ‘l’his yields adjacent olbits with
6  hls of (>ve]lal>, AlthmlSh ]Mtl Of ttle ddtti llSCd <II(’

Corlllllon”  in yielding, ttm tww ml)it solutions  in this ovcr]ap
pet i(d, ttwy ale otlly ilat tially cot-[ clatd ciac to tlm lor~cly
independent dctcrlllination  of CII’S  dynamic olbils  at]d

~lollnd sl:lti(~n k)~~lti~)rls f~)l  e~lch :nc. ‘1’hc  (M b it WI CCIIWIII
itl the o v e r l a p  i s  thetcforc  a rou,gll ( a n d  solllclthat
(Il)til[lislic)  indication of tl)c or[)it qLlality,

“1’() avoid  t h e  “edge  eflects” coti In Ionly encoLtntclcd
with  [educed  dynatl]ic  ol-bit  (Ieterllli  rl:itir)rl, 45-rllill
scgtllctlti  I’1<)11)  each  eI)d of ttle two st)lu(iorls  arc olllittcd.
l:o[ty-five Illinutes corles~mnds  to tbrce tirllcs the Iirllc
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CO II S(UII1 ust’d I’01 ttlc stoch:t~(ic ;Iccclc]illi[]tts,  ‘1 tlis lcdvc\
;1 .1,5- 111 [J\crlaj~ Iwtweer]  two ct)asccutivc  ddys t’ot
iI~tL’L>IIICII[  :tnalys  is, A  s:it])plc 01 tllc or~til dillcrcacc
LliII  ill:r  t h e  .l,$l](~ul  ovctlap is sh(J\vrl  ill lip. .1. ‘1’hc  }{h4S
dif[’CIL’llCt’ is (),88 Clll 111 :Il[i[ll(k.  5.70  Clll  CIOSS (l~lCk  ;111(/

3,L14 cl]] iilot Iy tl;lck, l;ig, 5  stt(~ws t h e  }<MS ovc]l:ip
:1}1 ICC’ II ICII1 in iltlitmit’ tot’  twelve COIIIJ)ICIC  lo-d:iy cyc]cs.
‘1’tw }<MS :Iplcctllcnt is c~)asistcntly  lJcl{)\v 2  cl]], witt)  an

:lvclil~, c of about 1 Clll. ‘1’hc  ovcI Ial)s wilt] lcciuccd
~lytlatllic filtcrill~ atc con$islcntiy  hctltv Ih:in Ihose  w i t h
dytl:llllic I’ilte[ing, \\,llich have an altitude ovcllal)
(Iii’fclcncc as tlipt~ as 5 c)n with an :Ivcliipc }<MS of about
3 Clll.

4 ,$ h, WA+> f“,
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l~i~. 3. ovcrkpping  data arcs and orbit solutions

T ‘-”rdcllfil  (RMS . 088 cm, ) 1dowr,  Irdch  (FIMS  = 3 4 4  CIII)

la D., L“<l.,  k,,t,,lmt

Fig. 5. ‘1’ol’l+:X/I’osci[lo[l” radial rcdaml dynamic
orbit ovcrlalx

for twlvc comlddc  lo-day  cycles

1:.ttct’tl(ll  7’CVI.S

(’ollll)ati  soa w i t h  h4SOI)I’1 GI’S atid LJ’I’01’lA
s] ,}</1 )ORIS

(il’S  olbits V.fcic gcnclated with h4Sol)l’1  IIM fcb X -
18, 1993 (cycle 1 5 )  using J(iM-2  aod aa cx])crimeatal
glavity licld dcsigllatcd  JGM-2/l’X-1, J(ih4-2~1’X-I  W;I$
pI()[lllCd  hy l}IC (’SR g, IOLIp  usir)g ‘I’[)l’l;X/l’osci( lorl”  (;1’S

dal:l flolll  (’yclcs  10, 15, and I 7 in a plocedure similar to
the dci ivati(lrl 01 J(ih4-?; data t“[oI)I 150 days of S1 ,1<. and
IX)RIS  wclc iilso addccl to ttlc JGM - I IIOIII)al  cquatiotls

(0 obtait~  the expel  itlwat:ll  glavily  field. la addition t{) the
<;]’S delcrlnincd  ort)il for  ‘1’01’l;X/I’c)scictO1~,” (1’1’[)1’IA  w:is

LIsct.1  to cotl]lmte S1 R/I)()}{l S (wl~its witl} both J(iM-2 [Id
J(iM-2f1’X-l;.  ‘1’hc  dit’1’c[cnccs be[\vccll  these 10LII  (I[bits
:Ind tllc rtd(tcd dyntllllic orbit  ale shown in l;i:. 6. ‘1’he
expclinwltlfil  Ftdvi[y  field  tItovcs  tt)c rd(lial coalp(hflcot

cIOSCI to tllc Cil’S  ted Llct-d dyaalllic solution in zill c<tws.
‘1’l]e  S1 ,WIK)l<IS  solLltior)  is 1.8 clll closcl ill 3-1) 10 Ihc

lcd Llccd dyilan)ic solutioa w i t h  tl)c  ekI]ctillleatal field

while tttc  [il’S (Iyaall)ic s o l u t i o n  Illovcs about I .X clil

a w a y  dllc Illostly to ttlc C[oss tr[lck cotllpo Ilcllt, ‘1’hc

4-- -——~-r----- ~~~_.––\
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rwluccd dynamic orbit solutions
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l~ig. 6 RIMS diffcrcncc  lmtwcn dynnmic orhik,
}vith J(; M-2 and J(; M-2~IX-F fvith the (;l)S rcduccd

dynamic  orbits

f’[)tlllmtis{)tl  wi[h NASA l’lccisioa (hbi[ llpl)clnctis

‘1’hc  NASA opctational  prccisc orbit is cotliputcd by
(i(ddar(i Sl):icc-  I’lig, tlt C’entCI-  I’ol i n c l u s i o n  on Itlc
gcopl]ysic:ll dala It-cords colllairliag lhe allimc(er  dal:i.
“1’tlcsc orbits  are ploducecl b y  ycl :inolhel sot’tware
lmck:i~c, (ic(dyl],  :Illtmugt)  extensive illtetcolll[~:ilisorls”
\\Ictc }lcrfol tllcd Iwtwecn both ~icodyn and tJ’I’OI’l  A. I Fig,.
7 SIK)WS  thr Rh4S dit’lclcnccs tw[wccn recluccd dyn:ilnic
otl)it solutions  lIL)IN G1’S  dala and CiSl;~’s dyaamic
soluli{ltls  1’10111  cotllbincd laser langin~, and IX)RIS dnta
tjvc} cipll[ lo-day ‘l’ol’l;X/l’oseiclorl  rel)cal cyc le s .  ‘1’hc
Rh4S alti[udc a~tccmcnts  arc al l  bet ter  than 4 c m ,
illll)lyitlp, li 3 I() 4 CtII  a c c u r a c y  { o r ‘I’OI’I;  X/l’osei(lc)  r)”
;Illilu(lc  solutions 1’01 bo[h  ttlc  {il’L$ and S1 .1</  1)01  <1.S  (Iiita
types. ‘1’t)c olhcl  two  comp(mcnts  are slightly worse: 5-10

(’111  Clos$l tlack and 9-16  Clll  akmg  t[:lck,

1 f,

14

0

.Al[itl~ctcl (’I{JSM)VCI Statistics

A n  additiorl:l] Illclll(d for a\scssinp  the l:ldittl olbi[
:Icclll:lcy Iclics  on aititllctcr  d a t a  collcclcd  by ttlc
sj)[lCt’Clall. ‘1’C)l’}.X/l’(~sci(lotl  C:lrlics  t\\fo [l{lclil-[~oilili[lg
]ad:lt allialc[cl systcl~ls that can lIwa\ulc the rongc to ttlc
sca sutl:tcc wittl an uncertainty 01’ less th{[tl ,1 Clll tlils
(l{ Cf.?()). ‘1’hCSC  l[ll)~,L’  lllCa\lllL’111(’llt\  C:(II  t)C llSt’(1  to~,CttlCY

w i t h  tllc }Jrccisc  radidl cphclllclis  to dctclll~itlc  ttlc
get~ccntlic hci~ht 01 the sea surlacc. At tllc points in the
ocean wl)erc t h e  sdtcllile  ground tlacks  intctscct  on
ascc ading :[11(1 d e s c e n d i n g , ~):isses,  tv.’()  Sllctl

(Ictctlllirl:itiotls  olsea Iwigt)t can k tIIadc.  11) t i l e  absetlcc
of en(~rs in the orbit and in tllc t]lcdid collcctioll\  tu Illc
a]timctet ]atlp,c, tllctleip,tlt(lill’e[etlcc  at Itlecl(lssillg,]][)itll
location is a tIIe:IsLIte  Oftlw  tluc v:itiubilily oi’ttw (KrzitI
surface.

(’tossovc[  otlsc[vtiti(lrls  ftolll fi\,c sclml:ltc lo-day
repeat cycles 01 the ‘l’[)l’I:X/l’osci(lorl”  gtound  track v<crc
used fol ttlis analysis (I<ef. 21). We used only tllc (I:itd
floln t}w LJ. S. ciual-flcqucncy  nltill~ctel in OICICI to  avoid

contcncliag with ullcalibriitcd biases twtwcen the two
systems. As cvossovcrs tllay OCCUI  d:iys apall, col”icct!ons
lwcettain stll-f:icc \:tri:tti{)tls,  stlctl:l\  ttl(lsc:lttt ibLlt:tt)lct[)
tides and tit[llosl~hcric  pressure Ioaditlp wctc al)l]lid.  A
confounding factor is the urn IIodclcd sea lwight vatiatit}tl
lroli} ctmnpcs ill ocenn cLllrcrlts. Since ct)anpes in ~we:ill
cilc Lllation oflcn evolve ovcl tilllc ]lcliods  Iongcl ttlilll a
fcwdays,  wfec(Jr~si(lcre( l{)t)ly ttlclse cr()ss()\crsc ()rll])Lltecl
within ttw individual cycles. We also idctltificd two oceat)
rcgioas Whcle the Cutlt’nt valiation ovcl short pcri(xls is
kaowrl  to bc tclativc]y low. l;igule S gives the crt)swvet-
sta[istics  in ttwsc rep, ions,  a~ wJcll as ~,lob;illy,  fot tlw (.il’S
rc’cl~lce(l-(lyr]:lll~ic  oll~its  and t h e  N A S A  ptccise  orbit
(descritwd  irltllc I~lek’iollss cctiotl). ‘1’lIcot~set\’a(iolls:irc”
frorll~yclc  14 ()lttlc  "l'()l'l{X/I)()  sci(l()ll ()tl)it, \!'tlic}}l:l\lecl
lic~ltl J:irl~l:ll y30t(J1:ct)rL  l:try8, 1993.

10 Day C.y,lo Nunk,o,

l~i~. 7. (knn]mrisoli  of ‘1’ol’J:X/l’t)sci(loll  rducd
dyaamicorhi! sollltiolls \villl{;  I’Sagaitlst  {;ocltlarcl

Space F’light Center S1,WI)ORIS  orbits
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l~i~. K Summary  of l{NIS altimeter crmsowr
dif’fcrwcc  willl NASA 1’01;  (S1 ,Wl)oris)  ald (;1’S

rcrlllced-[lytlatljic  solutions.

‘1’lw actual Tddi:ll orhil crlol is dilficull  to q u a n t i f y
I);iw(l on Itmsc statistics sinw ttw lcsiduals  also contain
cItoIs i n  Itlc nlcdia  corlcctions, and unmodclcci
t)c~anopI  ii])l)i~  clfccts.  A large p(M [ion of the tidal ald
[Itlnosphct ic plcssurc  sig, n:i] has been rcmoveci using.
y,l{~[m]  !I)(Kk’ls, bL!t a  sizab]c signai relllaias. hlotcow[,
cct lain cottclatc(i Cllots ill the (I[hit ale not otmlv:lbie  in
ctt~ssovel dif’fctcnccs.  ‘1’hcsc observations aonethelcss
l~l{)vitlt, a p(J\vcI  f’LIi and irldcpcndcnt  1001”  ft)l lneasuria:,
(Jlljil consistency and for ~auging  itllplovenwlit. in  ti~is
cotlleht,  wc nt)tc timt the Cil’S-b;m(i  rcciuceci ciynatl]ic
otl)ils yield iowcl ctt)swvct residuals, sagp,csting  tilat tiwy
Iel)rt’senl a n  itll I)mvenlent  i n  lhc modeiinp  01 tile.
‘1’ol’l’X/l’osci(i{)t]”  (JllJit, About 3-4 cril of ene]-gy i s
tc’tII()\wi l’lt)n)  t[m Rh4S  statistics wi]en  the (i}’S orbits am
:Il)l)licd ill tilis Ie]wal cycic. I’lm Otllel 4  Ici)cat cycies
cxalllilled cxhihitt’d the SaIIIC b e h a v i o r ,  though tile
(iiflklL’llccs wfrlc tlot gcae[aiiy as latgr.

(X)  N(:l/lJS1ONS

‘1’hc ‘] ’()]) iX/l]()sci(i()n  (i}’S  expe l - i n l en t  ha s
delllonsllatcci  tllc acclllacy atId  u t i l i t y  o f  ttlc rcciuced
tiyndlllic (rcilniquc. l{educe~i (iynalllic tracking with (il’S
;liio\VS  [)11(’ to tl ddCoff lll(d~l KCU1l:t Cy f(>r ll)C~\lll  CIllCllt

i)lccision  an(i ~,eomctric  strength. We have silow,n an
dcu LIIIIcy of” all])toxilllateiy  3 c]]]  in the ta(iiai ciilcction
ti)l(~llph colllp;ilisotl” with cxteltl:ii otbits dctct[ninr(i with
S1 ,1</l)O1<IS.  Altinlctcr  clossovcr  statistics sasgest
~1 Latct oveldil accuracy for the G1’S rducect  ciynatnic
(lllJit\,

‘1’lw woI k desc] ibmi in [his Impel wii\ cal I id out in
i);it ( hy the Jet }’loi~uisior]”  ] ,ilbora(ory,” (’aiifornia ]nstitute
of  ‘1’ccilnoiogy, LIIILICI coI)tlilCt  wit}) tile  Nationai
Ac’tonautirs  and Space A(lrl)il~istl  atiot).
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